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Vector-like confinement framework

@ We take SM with elementary Higgs and add NF new “hyperquarks™
Y charged under new “hypercolor” interactions

We also assume that hyperquarks lie in a real representation
under the SM so that their condensate does not break EW
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Why bother?

Natural DM candidates (hyperbaryons and hyperpions) to be
probed in the next round of DM experiments

Each model predicts concrete set of hypermesons to be
probed at LHC |3

Deviations in the Higgs couplings and EDMs
Automatic MFV to avoid all flavor bounds

Naturalness is solved via relaxion mechanism (or by
hypothesis of scale invariance)



Case study : “L+N" model (NF=3)
Add lepton doublet L and singlet N in the fundamental of new QCD’
Lo =mpLLS+myNNC¢+yHLNC + §H'LEN + h.c.

CP phase : Im(mrmyy™ ")

After xSB, octet of SU(3) GB
decompose under EWV as:
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Low energy effective theory

Yukawas and U(1) 4 anomaly
explicit masses /
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Low energy effective theory

Expand around the

origin of fields space ; 3959 fx
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Phenomenology

Type-l 2HDM :
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COLLIDER SIGNATURES Kilic, Okui, Sundrum '09

Vector resonances with SM quantum numbers predicted

Plons can also be stable or long lived.



Collider phenomenology
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Figure 1: a) On the left, branching fractions of the neutral (solid) and charged (dashed) pion
triplets Wg’i in vy, ZZ, Z~y, W=y and W=Z. b) On the right, partonic production cross-section
of scalar triplets at 8 TeV and 13 TeV.

My, > 230 GeV



Electron EDM

CP phase : Im(mrmyy™y™)

Heavy fermions Light fermions

2
Integrating e2N Im(yy)(3m; — 2m3 )m; 0t 0
out N, m3: LEDM - 482 2 FFRh

ma. mimi
N [ TeV\" /m,\2
d, ~ 10727 x Im[yg] x — X x( p)
oo m[yy] 3 (mﬂzs )T > TeV




What about
naturalness?



Relaxion mechanism

arxiv 1504.0755 |
Minimal model: SM + QCD axion + inflaton

V =(—M*+ g¢)|h|* + gM?¢ + ?G’WG’“”

f

® Soft-breaking of shift symmetry (via coupling to Higgs)

® |arge (non-compact) axion field excursions
How it works?

® During inflation axion slow-rolls and scans Higgs mass
® Once mass gets negative, Higgs obtains a vev

® Axion potential barriers (linear in the vev) grow and stop scanning
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Relaxion mechanism

Rolling stops when
slopes match :
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Slope shifts minima by O(f) which
leads back to strong CP problem <>



Solution : barriers for axion arise from a new strong group (QCD’)

?G'WG’W

e]L’

and this is precisely our framework
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Conclusions

® Vector-like confinement is a viable framework
to be tested by the next round of experiments

® Within the context of half-composite 2HDM
we showed that it leads to interesting collider
signhatures and electron EDM

® Relaxion mechanism can make these models
natural



Back up



Hyperbaryon DM pheno crucially depends
on the HB mass:

A

Monr 2 100 TeV 1f DM 1s a thermal relic,
PM™Y 37ev if DM is a complex state with a TCb asymmetry

relativistic annihilation 9TB I
xsec of HB into
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measured QCD pp xsec
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